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[57] ABSTRACT 

A suspension for a motor vehicle has a link structure 
and a spring interposed between the link structure and a 
vehicle frame. The link structure comprises a trailing 
arm extending substantially longitudinally of the vehi 
cle frame and having a front end pivotally coupled to 
the vehicle frame and a rear end supporting a wheel, 
upper and lower arms extending substantially trans 
versely of the vehicle frame and each having one end 
pivotally coupled to the vehicle frame and an opposite 
end pivotally coupled to the trailing arm in the vicinity 
of a rear end thereof, and a compensation link having 
one end pivotally coupled to the vehicle frame and an 
opposite end pivotally coupled to the trailing arm. The 
suspension is relatively lightweight, inexpensive to con 
struct, and has excellent performance. 

5 Claims, 18 Drawing Figures 
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SUSPENSION FOR MOTOR VEHICLES 

BACKGROUND OF THE INVENTION 

1. Field of the invention: 
The present invention relates to a suspension for 

motor vehicles, and more particularly to a motor vehi 
cle suspension with a trailing arm. 

2. Description of the Prior Art: 
Rear wheel suspensions for automobiles have hereto 

fore been required to meet various requirements such as 
excellent riding comfort, maneuvering stability, a re 
duced weight, a reduced cost, and a space saving de 
sign, for example. A variety of rear suspensions have 
been proposed and put to use, but have had their own 
advantages and disadvantages. Therefore, no automo 
tive rear suspensions have been standardized. 

Conventional strut-type suspensions are advanta 
geous in that they can distribute the load imposed 
thereon, are relatively lightweight, and inexpensive. 
However, the strut-type suspension allows frictional 
forces acting on a damper shaft to affect the riding 
comfort. The semitrailing arm has proven unsatisfac 
tory in that it permits relatively large camber and toe 
variations, and takes up a large space for installation 
since it requires a relatively thick member to provide 
desired rigidity against a lateral force. The double-wish 
bone-type suspension is complex in construction, expen 
sive, heavy, and requires a large installation space, 
though the suspension has links that can be arranged 
with greater freedom and has relatively good character 
istics. 
FIG. 6 shows a conventional independent rear sus 

pension composed of a three-link mechanism compris 
ing an upper arm 103, a lower arm 104, and a trailing 
arm 105, and a damper 106 with a spring. The illustrated 
prior independent rear suspension is lightweight, inex 
pensive, and a spacer saver and has as good characteris 
tics as those of the double-wishbone-type suspension. 
The sole problem with this independent rear suspen 
sion, however, is that tires as they move up and down 
are subjected to toe-out. 

SUMMARY OF THE INVENTION 

The present invention has been made with a view to 
solving the above problem with the conventional rear 
suspension of the three-link arrangement. 

It is an object of the present invention to provide a 
suspension with a trailing arm for use ‘with a motor 
vehicle, the suspension being relatively lightweight, 
inexpensive, and free from toe-out of wheels. 
To achieve the above object, according to the present 

invention, a suspension for use with a motor vehicle 
having a vehicle frame comprises: a link structure com 
posed of a trailing arm extending substantially longitu 
dinally of the vehicle frame, the trailing arm having a 
front end adapted to be pivotally coupled to the vehicle 
frame and a rear end adapted to support a wheel, upper 
and lower arms extending substantially transversely of 
the vehicle frame, each of the upper and lower arms 
having one end adapted to be pivotally coupled to the 
vehicle frame and an opposite end pivotally coupled to 
the trailing arm in the vicinity of the rear end, and a 
compensation link having one end adapted to be pivot 
ally coupled to the vehicle frame and an opposite end 
pivotally coupled to the trailing arm; and spring means 
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2 
adapted to be interposed between the vehicle frame and 
the link structure. 
The above and other objects, features and advantages 

of the present invention will become more apparent 
from the following description when taken in conjunc 
tion with the accompanying drawings in which pre 
ferred embodiments of the present invention are shown 
by way of illustrative example. ~ 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of a suspension for a motor 
vehicle according to a ?rst embodiment of the present 
invention; 
FIG. 2 is a side elevational view of the suspension 

shown in FIG. 1; 
FIG. 3 is a rear elevational view of the suspension of _ 

FIG. 1; 
FIG. \4a-c are schematic diagrams of the suspension 

illustrated in FIG. 1, showing the relationship between 
the trailing arm, the wheel, and the links in three or 
thogonal views; 
FIG. 5 is a schematic diagram of the suspension of 

FIG. 1, illustrative of the manner in which the suspen 
sion operates; 
FIG. 6 is is a perspective view of a conventional 

suspension for a motor vehicle; 
FIG. 7 is a perspective view of a suspension for a 

motor vehicle according to a second embodiment of the 
present invention; 
FIG. 8 is a plan view of the suspension shown in FIG. 

7; 
FIG. 9 is a plan view of the suspension of FIG. 7, 

with the wheel shown moved upwardly or down 
wardly; 
FIG. 10 is a plan view of a modi?cation of the suspen 

sion shown in FIG. 7; 
FIG. 11 is a perspective view of a trailing arm suit 

able for use in the suspension shown in FIGS. 7 through 
9; 
FIG. 12 is a plan view of the trailing arm illustrated in 

FIG. 11; 
FIG. 13 is a perspective view of a trailing arm suit 

able for use in the modi?cation of the suspension ac 
cording to the second embodiment; 
FIG. 14 is a plan view of the trailing arm shown in 

FIG. 13; 
FIG. 15 is a perspective view of a trailing arm suit 

able for use in the suspension shown in FIGS. 7 through 
9; and 
FIG. 16 is a plan view of the trailing arm illustrated in 

FIG. 15. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGS. 1 through 3 illustrate a rear suspension for a 
motor vehicle (not shown) according to a ?rst embodi 
ment of the present invention. The suspension com 
prises a knuckle 1 on which a rear wheel 2 is rotatably 
supported, the knuckle 1 having a knuckle arm 1a. To 
upper and lower end of the knuckle arm 1a, there are 
pivotally coupled ends of an upper arm 3 and a lower 
arm 4 which extend substantially transversely of a vehi 
cle frame (not shown) of the motor vehicle. The other 
ends of the upper and lower arms 3, 4 are pivotally 
coupled to the non-illustrated vehicle frame. The upper 
and lower arms 3, 4 are connected to the knuckle arm 1a 
and the vehicle frame through pivot points A, B, C, D. 
The lower arm 4 is longer than the upper arm 3. 
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An arm member 19 extends forward from the knuckle 
1. The arm member 19 and the knuckle 1 jointly serve as 
a trailing arm 5. The trailing arm 5 has a front end pivot 
ally coupled to the vehicle frame through a pivot point 
G. 
A damper 6 with a spring is interposed between the 

knuckle arm 1a and the vehicle frame for bearing a load 
imposed on the wheel 2. The damper 6 and the spring 
may separately be provided, and may be of various 
types and in various positions as desired. 
The rear suspension further includes a compensation 

link 7 of a relatively small length disposed forward of 
the upper and lower arms 3, 4 and having one end pivot 
ally coupled to the trailing arms 5 through a pivot point 
E and an opposite end pivotally coupled to the vehicle 
frame through a pivot point P. 
FIG. 4 schematically shows the relationship between 

the trailing arm 5, the wheel 2, and the link members 3, 
4, 7, (a) being a plan view, (b) a side elevational view, 
and (c) a rear elevational view. A vertical plane k passes 
through the pivot point G by which the trailing arm 5 is 
pivotally coupled to the vehicle frame and extends ver 
tically with respect to the vehicle frame. The pivot 
points A, C, E as de?ned above are shown as lying on 
the plane k since they are positioned near the plane k 
though they are not exactly positioned on the plane k. A 
vertical plane 1 passes through the point A and extends 
transversely of the vehicle frame. The points B, C, D 
are shown as lying on the plane 1 since they are posi 
tioned near the plane though they are not exactly posi 
tioned on the plane 1. 
As illustrated in FIG. 4(b), a straight line P passing 

through the points E, G and the plane 1 intersects plane 
at a point e’. When the spring of the suspension counter 
balances the load on the vehicle, the upper and lower 
arms 3, 4 lie substantially horizontally as shown in FIG. 
4(a). The point e’ would follow a path upon angular 
displacement of the suspension linkage if it were not for 
the compensation link 7, and a portion of such a path 
relatively close to the balanced condition would be 
approximated by an are on the plane 1. The center of 
curvature of such an arc is denoted at j and referred to 
as a hypothetical center. 

Points on the straight line P each follow paths, a 
portion of which would be approximated by arcs hav 
ing centers of curvature that are positioned on a straight 
line i passing through the point j and the point G, since 
the paths of movement of the points on the straight line 
p are similar in shape to each other. A point F’ where a 
straight line In drawn parallel to the plane 1 from the 
point B and the straight line i intersect is equivalent to 
a hypothetical center of the point B (FIG. 4(a)). 
The compensation link 7 has a length a smaller than 

the distance b between the points E, F’. With the com 
pensation link 7 positioned at the point B, variations in 
toe due to lateral movement of the knuckle can be com 
pensatedfor by the compensation link 7, so that the rear 
wheel 2 as it moves up and down will undergo toe-in. 
Therefore, the ability for the vehicle to run along a 
straight line can be improved. 

Since the above advantage can easily be achieved by 
adding the compensation link 7 which is a fourth link, 
the rear suspension is relatively light in weight and 
relatively inexpensive to construct. Designated at H in 
FIG. 4 is the center of the wheel 2. 

It is possible to change the distribution of a toe 
change upon up-and-down movement of the wheel 2 by 
varying the height of the pivot point F where the com 
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4 
pensation link 7 is pivotally coupled to the vehicle 
frame. 
The foregoing arrangement will also be described 

with reference to FIG. 5. The lateral displacement of 
the point B on the trailing arm 5 at the time the wheel 
2 moves up and down is limited by the compensation 
link 7. Therefore, the trailing arm 5 will be shifted later 
ally to the position 5' without causing toe-out. It should 
be noted that the pivot point G where the trailing arm 
5 is coupled to the vehicle frame is required to be later 
ally shifted to the position G’. It follows that the struc 
ture by which the trailing arm 5 is pivotally coupled to 
the vehicle frame through the point G should allow the 
trailing arm 5 to be moved laterally with respect to the 
vehicle frame. According to the embodiment of the 
invention, this requirement is met by a ‘rubber bushing 
(not shown) by which the trailing arm 5 is pivotally 
coupled to the vehicle frame. The above requirement 
can however be met by various known structures which 
join the trailing arm and the vehicle frame pivotally 
while allowing them to be relatively moved laterally. 
A rear suspension according to a second embodiment 

will be described with reference to FIGS. 7 through 10. 
The rear suspension of the second embodiment differs 
from the rear suspension of the ?rst embodiment pri 
marily in the arrangement of the trailing arm, and also 
slightly in the structure by which the trailing arm is 
coupled to the vehicle frame. Most of the other parts 
are identical to corresponding parts of the ?rst embodi 
ment, and hence are denoted by the same reference 
characters. 
An arm member 19 has a front end pivotally coupled 

by a rubber bushing 8 to a vehicle frame (not shown) for 
vertical angular movement. The arm member 19 has a 
rear end to which a knuckle 1 is fastened by bolts 9. The 
arm member 19 and the knuckle 1 jointly constitute a 
trailing arm 5. A spindle 10 projects outwardly from the 
knuckle 1 and a wheel 2 is rotatably supported on the 
spindle 10. 
The arm member 19 comprises a leaf spring oriented 

such that it has enough compliance with bending forces 
applied transversely of the vehicle frame and rigidity 
against vertical bending forces. 
The knuckle 1 has a knuckle arm 1a with upper and 

lower ends thereof connected to ends, respectively, of 
upper and lower arms 3, 4 having opposite ends extend 
ing substantially transversely of the vehicle frame and 
coupled thereto. A compensation link 7 is disposed in 
front of the lower arm 4 and has one end coupled to the 
knuckle 1 and an opposite end to the vehicle frame. A 
damper 6 with a spring is interposed between the 
knuckle 1 and the vehicle frame. 
When the wheel 2 moves upwardly and downwardly, 

as described with reference to the ?rst embodiment, 
toe-out of the wheel 2 is prevented by lateral displace 
ment of the trailing arm 5 as it is restrained by the com 
pensation link 7. Since the trailing arm 5 is however 
elastically deformed so as to be bent transversely of the 
vehicle frame as shown in FIG. 9, the front end of the 
trailing arm 5 which is coupled to the vehicle frame is 
not transversely shifted or is transversely shifted over 
an interval much smaller than that required by the ?rst 
embodiment. As a result, the extent to which the rubber 
bushing 8 will be deformed is so reduced that a smaller 
rubber bushing may be employed as the rubber bushing 
8. 
The trailing arm 5 does not need to be elastically 

deformed throughout its length, but only a portion 
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thereof may have compliance. FIG. 10 shows a modi? 
cation of the second embodiment in which only a front 
portion 15a of a trailing arm 15 has compliance in the 
transverse direction of the vehicle frame. The modi?ed 
rear suspension will operate in the same manner as that 
of the rear suspension of the second embodiment. 
FIGS. 11 through 16 illustrate three different trailing 

arms suitable for use in the rear suspension according to 
the second embodiment. Each of the disclosed trailing 
arms is composed of an arm member in the form of a 
steel plate and a knuckle ?xed to'a rear end of the arm 
member. 
A trailing arm shown in FIGS. 11 and 12 comprises 

an arm member 119 having a recess 101a de?ned in a 
rear end thereof and receiving a knuckle 101. The rear 
end of the arm member 119 has a hole 120 positioned in 
the recess 119a and through which extends a spindle 
110 supported on the knuckle 101. The arm member 119 
is coupled to the knuckle 101 by bolts 109. The trailing 
arm shown in FIGS. 11 and 12 can be manufactured 
relativley inexpensively and hence lends itself to mass 
production. 
FIGS. 13 and 14 illustrate a trailing arm which is 

similar to the trailing arm shown in FIG. 10 in that only 
a portion of an arm member has compliance. The arm 
member, denoted at 219, has a ?rst relatively long em 
bossed portion 219a on a front area thereof and a second 
relatively short embossed portion 21% on a rear area 
thereof. These embossed portions 219a, 219b serve to 
increase the rigidity of the arm member 219 against 
bending forces applied transversely of the vehicle 
frame. Therefore, only an intermediate flat portion 219c 
of the arm member 219 between the embossed portions 
219a, 21% has compliance with the bending forces. The 
arm member 219 has a rear end ?xed to a front end of a 
knuckle 201. 
As shown in FIGS. 15 and 16, still another trailing 

member comprises an arm member 319 having a rear 
.. end of a bifurcated con?guration including an upper 

. projection or leg 319a and a lower projection or leg 
31%. A knuckle 301 includes a front end of a bifurcated 
shape composed of an upper projection or leg 301a and 
a lower projection or leg 301b. The knuckle 301 has a 
boss 3010 disposed on a front surface between the upper 
and lower legs 301a, 301b for pivotable connection to a 
compensation link. The upper legs 319a, 301a of the arm 
member 319 and the knuckle 301 are fastened to each 
other by bolts 309, and the lower legs 319b, 301b of the 
arm member 319 and the knuckle 301 are fastened to 
each other by bolts 309. Withthis trailing arm construc 
tion, a moment applied about a spindle 310 to the 
knuckle 301 at the time the wheel is braked, for exam 
ple, is transmitted to the arm member 319 through the 
upper and lower legs 301a, 319a, 301i b, 3191:. Since 
these upper and lower legs are spaced relatively widely, 
any forces applied to the joint between the arm member 
319 and the knuckle 301 are relatively small, so that the 
trailing arm is lightweight and is of an increased me 
chanical strength. Because the boss 301:: of the knuckle 
301 to which the compensation link is coupled is ex 
posed between the upper and lower legs, the compensa 
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tion link and the knuckle can easily be coupled together 
upon assembly. 
Although there have been described what are at pres 

ent considered to be the preferred embodiments of the 
present invention, it will be understood that the inven 
tion may be embodied in other speci?c forms without 
departing from the spirit or essential characteristics 
thereof. The present embodiment is therefore to be 
considered in all aspects as illustrative, and not restric 
tive. The scope of the invention is indicated by the 
appended claims rather than by the foregoing descrip 
tion. . 

I claim: 
1. A suspension system for suspending a wheel on a 

motor vehicle frame, said suspension system compris-j 
mg: 

(a) trailing arm means extended in the longitudinal 
direction of the vehicle frame, ‘said trailing arm 
means having a front portion including an arm 
means adapted to be pivotally coupled to the vehi 
cle frame and a rear portion, wherein the rear por 
tion of said arm means is bifurcated, having upper 
and lower projections; 

(b) a knuckle means adapted to support the wheel, the 
front portion of said knuckle means being bifur 
cated and having upper and lower projections and 
a boss disposed between said upper and lower pro 
jections, wherein the upper projection of said 
knuckle means is ?xed to the upper projection of 
said arm means and the lower projection of said 
knuckle means is ?xed to the lower projection of 
said arm means; _ 

(c) an upper link arm extending substantially trans 
verse to the vehicle frame, said upper link arm 
having a ?rst end adapted to be pivotally coupled 
to the vehicle frame and a second end pivotally 
coupled to said knuckle means; 

((1) a lower link arm extending'substantially trans 
verse to the vehicle frame, said lower link arm 
having a ?rst end adapted to be pivotally coupled 
to the vehicle frame and a second end pivotally 
coupled to said knuckle means, wherein said lower 
arm is positioned lower than said upper arm; 

(e) a compensation link having a ?rst end adapted to 
be pivotally coupled to the vehicle frame and a 
second end pivotally coupled to said boss on said 
knuckle means; and 

(f) spring means adapted to be coupled between said 
trailing arm means and the vehicle frame. 

2. A suspension system as set forth in claim 1, wherein 
said trailing arm means has ?exibility with respect to 
bending forces horizontally transverse to the vehicle 
frame and has high rigidity with respect to bending 
forces vertical with respect to the vehicle frame. 

3. A suspension system as set forth in claim 1, wherein 
said trailing arm means is straight with respect to the 
transverse direction of the vehicle frame. 

4. A suspension system as set forth in claim 1, wherein 
said trailing arm means is curved with respect to the 
transverse direction of the vehicle frame. - 

5. A suspension system as set forth in claim 1, wherein 
said arm means includes an embossed portion. 

* * * * * 


